Abstract: G-quadruplexes are biologically important DNA conformations exist generally in guanine-rich segments of DNA, such as telomere and proto-oncogene. The formation of these secondary structures is thought to inhibit the expression of certain genes, such as the inhibition of telomerase. The inhibition of telomerase and suppression of a specific gene expression are important approaches for interruption of cancer cell's proliferation. In the present study, the effect of a versatile water soluble ball-type phthalocyanine (BtPc) on G-quadruplex formation and stabilization was investigated to demonstrate its potential usage in cancer chemotherapy. Two important guanine rich oligomers, cMYC and Tel 21 were used as G-quadruplex former sequence. To the best of our knowledge, this is the first study about the interaction of a BtPc with G-quadruplex structures. The interactions of the compound with G-quadruplex molecules were monitored spectrophotometrically. The binding constants were calculated from BenesiHildebrand equation and the highest binding constant (0.1114 µM -1 ) was found for Tel 21 in the presence of KCl. The structural differentiations of G-quadruplex after binding were investigated with circular dichroism spectrophotometry. The CD spectra were demonstrated the stabilization of both parallel and anti-parallel Tel 21 G-quadruplex in the presence of KCl and stabilization of anti-parallel form in the absence of KCl. The stability of the parallel structure was achieved for cMYC in the absence of KCl up to 4.10 µM of Pc. The disruption of staking of parallel form was achieved for cMYC in the presence of KCl. The replacement ability of the molecule with a known DNA binding molecule, ethidium bromide, was clarified fluorometrically. The Stern-Volmer studies were conducted for determination of the quenching mechanism. The strong interaction of the molecules (BtPc with oligomer) showed us the potential usage of these drug conjugates for targeted photodynamic therapy in the future.
INTRODUCTION
Guanine-rich segments of DNA can fold into four stranded structures which are named G-quadruplexes [1] [2] [3] . The formation of G-quadruplexes was known for more than 40 years, but their existence in vivo has been discovered recently [4, 5] .
According to Bhattacharjee et al. , DNA can fold into a G-quadruplex structure, formed by π→π stacking of G-quartets [4] . G-quartets are composed of cyclic arrangement of four guanine molecules connected via Hoogsteen hydrogen bonds and they are stabilized by a central monovalent cation, such as K + or Na + [4] .
G-quadruplexes can exist in telomeric and promotor region of oncogenes [6, 7] . The presence of these highly ordered structures in telomeric end of DNA and oncogene regulatory regions are evident [7, 8] and they have biologically important roles. The guanine rich DNA sequences exist in different sequence of chromosome [9, 10] . The telomeric region of DNA is one of most known sequence of them. According to Gao et al. [11] , telomerase is responsible for adding telomere repeats to telomeric DNA to maintain the integrity and stability of chromosome.
In normal somatic cells, the length of telomere sequence shortens at every cell division until they enter replicative senescence [12] . The telomerase activities in normal cell are highly lower compared to cancer cells, so the inhibition of telomerase is an important target for cancer chemotherapy. According to Gao et al., it is very important that, telomerase binds to linear telomere DNA, not folded, like quadruplex structure [11] . The recognization of the structure by the enzyme cannot be achieved when the sequence forms secondary structures like G-quadruplexes. So, the formation of G-quadruplex structures results in inhibition of telomerase and interruption of replication of DNA [13] . Considering this point, the effective Gquadruplex stabilizing agents are promising alternative in cancer therapeutics.
Besides, G-quadruplexes are thought to be useful drug delivery vehicles for especially cancer therapy [14] . Their thermal stability and easy/ low cost production make them alternative targetable drug carriers. The delivering the drug to a target cell or tissue via conjugation with a specific G-quadruplex structure seems highly feasible. So, the binding a potential drug with a suitable G-quadruplex structure is important for its potential therapeutic usage.
Phthalocyanines are attractive molecules due to their interesting biological applications [15] . [16] . The first studies about synthesis of BtPc were conducted by Tolbin et al [17, 18] but biological applications of BtPcs are rare in the literature.
Literature survey
The G-quadruplex stabilization effect of special molecules has attracted attention due [11] . They showed that some of the compounds displayed good antiproliferative activity against leukemia CCRF-CEM cells, among which compound 6a containing dimethylamine substituents at the terminal C2 and C7 positions exhibited the highest cytotoxicity with IC50 at 0.3 µM. In addition, compound 6a
showed little toxicity against normal 293T cells proliferation with IC50 more than 100
µM. The study conducted by Hassani et al. was about the interaction of copper porphyrazines and phthalocyanines with human telomeric G-quadruplex DNA. They found that interaction of the cationic porphyrazines was remarkably stronger than the anionic phthalocyanines [25] . Another study concerning the interaction of thymoquinone with G-quadruplex DNA was conducted by Salem et al. [26] . They concluded that interaction of thymoquinone with G-quadruplex will contribute to the inhibition of telomerase enzyme and cancer's proliferation. Yaku et al. studied the telomere G-quadruplex-binding and telomerase-inhibiting capacity of two cationic and two anionic G-quadruplex ligands [27] . They concluded that ligands that bind to G-quadruplex via interactions such π-π stacking and hydrogen bonding may represent superior telomerase inhibitors in living cell media.
Phthalocyanines are highly interesting molecules and different types of phthalocyanines (mono, ball-type, double-decker, etc.) and similar molecules have been synthesized due to their usages in medicinal area. In the present study, water soluble BtPc molecule was employed as G-quadruplex interactive molecule.
In our previous study, we have synthesized a new water-soluble phthalocyanine, BtPc, and reported the ct-DNA binding ability [15] . As mentioned in many study existing in the literature [19] [20] [21] , G-quadruplexes are important therapeutic targets.
In the present study, in order to clarify the usage of synthesized compound in cancer therapy, the interaction of BtPc molecule with G-quadruplex former oligonucleotides (Tel 21 and cMYC) were investigated in detail. The interactions were clarified with ultraviolet visible (UV-Vis.) and circular dichroism (CD) spectrophotometric methods.
An ethidium bromide (EtBr) replacement assay was conducted to understand the interaction closely. The experiments were done in the presence and absence of potassium chloride (KCl) because monovalent cations are known as G-quadruplex stabilization agents [22] . In the first part of our experiments, with the presence of KCl, the interaction of BtPc with pre-formed G-quadruplex was studied. In the absence of KCl, the G-quadruplex forming or stabilizing ability of BtPc was investigated.
EXPERIMENTAL

Reagents and instruments
All chemicals were of analytical and molecular biology grade. The oligomers (cMYC and Tel 21) were purchased from Alpha DNA and used without further purification.
The sequence of cMYC was TGAGGGTGGGAGGGTGGGAA and Tel 21 was GGGTTAGGGTTAGGGTTAGGGG (5' to 3'). The stock (100 µM) oligomer solutions were prepared in pH 7.4 TE (Tris-EDTA, 10 mM Tris HCl, 1 mM EDTA) buffer in the presence and absence of 150 mM KCl. After dissolution of oligomers, the solutions were annealed at 95 o C for five minutes and cooled to room temperature slowly. The solutions were incubated at +4 o C at least overnight. The double distilled water (after autoclaving) was used all throughout the experiments. The BtPc solution was prepared in both salty (150 mM KCl) and salt-free pH 7.4 TE buffer. BtPc solution was magnetically stirred at least four hours for complete dissolution.
All spectrophotometric measurements were conducted with a MAPADA series 6-spectrophotometer with using a 1 cm pathway quartz cell. A Shimadzu RF 5301 fluorescence spectrophotometer was used for spectrofluorometric measurements. pH measurements were conducted with Sartorius basic pH meter with a glass electrode.
The pH meter was calibrated with using standard buffer solutions (pH= 4.0, 7.0, 10)
purchased from Reagecon (Sahnnon Free zone, Ireland). A Shimadzu analytical balance was used for weighing the chemicals. CD spectra were collected with a Jasco J-815 CD spectrophotometer.
Synthesis of BtPc
The detailed synthesis route was given in our previous study [15] . The synthesis steps were as follows: BtPc was synthesized by the cyclotetramerization of synthesized triethanolamine-substituted phthalonitrile derivative and water solubility of the compound was achieved after quaternization.
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RESULTS AND DISCUSSION
Evaluation of UV-Vis. spectral data UV-Vis spectrophotometry is the simplest, economic and commonly used method for studying both the stability of DNA secondary structures like G-quadruplexes and their interactions with different ligands [28] .
As stated in our previous study [15] the UV-Vis. spectrum of BtPc molecule showing strong absorption band between 600-700 nm. In the present study, the absorption spectra of BtPc in pH 7.4 buffer with and without KCl were recorded. The presence of KCl resulted in hypochromism along with blue shift (9 nm) in Q-band region. These results represented the formation of aggregates in the presence of strong electrolyte [24] .
The spectrophotometric analysis gives some information about the binding of two molecules. In generally, ligands show an absorption band in visible region and the interaction can be easily examined by the shifting of the λmax [29] . For DNA -small molecule interaction, the differentiation in absorbance and wavelength shift are useful data for prediction of strength of the interaction. The strong interactions generally result in significant differentiation in absorbance (hyper-or hypochromism) and sometimes in wavelength (bathochromic or hypsochromic shifts).
In the present study, as can be seen from Figure As can be seen in Table 1 , for all spectral analyses, bathochromic shifts were observed for all circumstances. This was due to combination of BtPc's π electrons and π electrons of bases. The energy level of π -π* transition decreases [29] . 
CD spectroscopic analysis
DNA segments can adopt various structures that are dependent on their environment. CD is a powerful tool for clarifying the secondary structure of biomolecules and binding characteristics of small molecules [29] . The CD spectrum of parallel G-quadruplex generally displays two major peaks with a positive elipticity at about 260 nm and a negative at about 240 nm. For anti-parallel structure, a positive at about 290 nm and a negative at about 240 nm are characteristics of the spectrum [29] .
In the present study, as can be seen from by Vivec et al, this type of structural switch has been found for other studies [19] .
Fluorescence replacement assay
EtBr is a well-known dsDNA intercalator reagent that used for much biological and molecular biological application. It also shows affinity towards G-quadruplex molecules [31, 32] . Koeppel et al. showed the affinity of EtBr derivatives to Gquadruplex structures [32] . -3.76x10 -6 M of BtPc of which the regression coefficient higher than 0.98, the Stern-Volmer constants were calculated (they can be seen in Table 2 ). In the presence of KCl, cMYC had the highest Ksv constant. This might be an evidence of easiness of EtBr replacement. With taking account CD spectrophotometric results, addition of BtPc to cMYC resulted in decrease in parallel structure and increase in perturbation because of intercalation of BtPc. 
CONCLUSION
In our previous study, it was documented that BtPc has a potential usage for anticancer treatment due to its affinity to dsDNA. The certain sequences, like guanine rich segment of DNA, have the ability to form G-quadruplex structures. As the stabilization of G-quadruplex structure thought to be a promising target for cancer treatment, the binding and stabilization effect of BtPc was investigated in the present study. A telomeric and a proto-oncogenic sequence were investigated for the mentioned purposes. 
